We report on several studies of charm baryon production and decays by the BABAR collaboration. We confirm previous observations of the Ξ ′ 0/+ c , Ξ c (2980) + and Ξ c (3077) + baryons, measure branching ratios for Cabibbo-suppressed Λ + c decays and use baryon decays to study the properties of the light-quark baryons, Ω − and Ξ(1690) 0 .
c . The curve is the simulated continuum distribution; it is fitted to the data for 2.0 < p * < 4.5 GeV/c.
Introduction
The last few years have seen a revival of interest in charm spectroscopy with more than a dozen new states being reported and hundreds of new theoretical investigations being published. The BABAR experiment [1] provides excellent opportunities to observe and study new and old charm hadrons. It records e + e − collisions at or just below the Υ (4S) resonance and with an integrated luminosity of 390 fb −1 , the recorded data sample contains more than one billion charm hadron decays. About 10% of these are charm baryons and we report here on several charm baryon studies based on subsets of the BABAR data.
Production of Ξ
c ) was first observed by CLEO in e + e − continuum events [2] and is identified as the lightest J P = 1 2 + csq baryon doublet with a symmetric light-quark wave-function. This observation has now been confirmed by BABAR and its production measured in both e + e − continuum events and B decays. [3] The BABAR analysis uses 232 fb
baryon is reconstructed in the only kinematically allowed decay mode: 
. This is the first observation of the Ξ ′ c baryon in B decays. The measured continuum production cross sections are σ(e + e − → Ξ
Comparing to a previous measurement of Ξ 0 c production, [4] one observes that about one third of the Ξ 0 c produced in B decays come from Ξ ′ 0 c decays, while in continuum the fraction is only 18%.
Ξ c (2980)
+ and Ξ c (3077)
+
Two new charm-strange baryons, Ξ c (2980) + and Ξ c (3077) + , were recently observed by BELLE in decays to Λ + c K − π + . [5] These are the first baryon decays where the charm and strange quark are contained in separate hadrons. BABAR has confirmed this observation and studied the resonant substructure in the decay. [6] For this study BABAR uses 316 fb The fitted PDF is overlaid on the data in Fig. 3 and the fit yields are given in Table 1 Mass ( MeV/c 2 ) Width ( MeV) BABAR 2967.1 ± 1.9 ± 1.0 23.6 ± 2.8 ± 1.3 BELLE 2978.5 ± 2.1 ± 2.0 43.5 ± 7.5 ± 7.0 BABAR 3076.4 ± 0.7 ± 0.3 6.2 ± 1.6 ± 0.5 BELLE 3076.7 ± 0.9 ± 0.5 6.2 ± 1.2 ± 0.8 the fit and are compared to the results from BELLE in Table 2 . The parameters for the Ξ c (3077) + baryon agree, but for the Ξ c (2980) + the BABAR mass and width are lower. This might be due to different treatment of the phase-space suppression.
Yield (Events)
Ξ c (2980) + → Σ c (2455) ++ K − 132 ± 31 ± 5 Ξ c (2980) + → Λ + c K − π + (NR) 152 ± 37 ± 45 Ξ c (3077) + → Σ c (2455) ++ K − 87 ± 20 ± 4 Ξ c (3077) + → Σ c (2520) ++ K − 82 ± 23 ± 6 Ξ c (3077) + → Λ + c K − π + (NR) 35 ± 24 ± 164 Cabibbo-Suppressed Λ + c
Decays
Only a few Cabibbo-suppressed Λ + c decays have been measured and most have poor precision. BABAR has performed a precise measurement of two Cabibbo-suppressed decay modes and searched for two new decays. [7] The analysis uses 125 fb −1 of data. It combines Λ and Σ 0 candidates with K + candidates to reconstruct Λ + c → ΛK + and Λ + c → Σ 0 K + decays. Large signals are seen in both decay modes and used together with signals from the Cabibbo-favored Λ + c → Λπ + and Λ + c → Σ 0 π + decays to obtain the branching ratios:
where the first uncertainty is statistical and the second systematic. These are a significant improvement over previous measurements [8] and in agreement with quark-model predictions. [9] Searches for the four-body decays Λ + c → ΛK + π + π − and Λ + c → Σ 0 K + π + π − are also performed.
After removing decays with intermediate resonances (ΛK
, no significant signals are observed and the following upper limits at 90% confidence level are obtained:
The measurements are the first limits on these decay modes.
Measurement of the Ω − Spin
The quark model successfully predicted [10] the existence of the Ω − baryon. It also predicts its spin to be 3/2, but until now experiments have only established that its spin is larger than 1/2. BABAR has studied its spin by using Ξ 0
of data. [11] The distribution of the helicity angle θ h , defined as the angle between the Λ and the Ξ 0 c in the Ω − rest-frame, depends on the spin J of the Ω − and the Ξ 0 c . Assuming J Ξ 0 c = 1/2, the distributions for J Ω = 1/2, 3/2 and 5/2, respectively are:
Parity violation in the Ξ 0 c and Ω − decays could give an additional term with odd powers of cos θ h , but no evidence for that is seen in data. 
Study of the Ξ(1690)
0 Baryon
The existence of the Ξ(1690) 0 baryon has been known for many years, but relatively little information is available on it. BELLE has observed it as an intermediate resonance in Λ c → (ΛK 0 S )K + decays. [8] BABAR uses this decay mode in a larger data sample (200 fb −1 ) to measure the mass, width and spin of the Ξ(1690) 0 baryon. [12] BABAR reconstructs 2750 ± 300 Λ c → ΛK 0 S K + decays and the Ξ(1690) 0 is clearly visible in invariant mass of the ΛK 0 S pair (see Fig. 5 ). The remaining Λ + c decays cannot be described as a non-resonant contribution. Instead they appear to be decays through Λa 0 (980) + , where a 0 (980 
Summary
The large sample of charm hadrons recorded by the BABAR experiment has been used to study the properties of several charm baryons. Furthermore, the decays of charm baryons are used as a clean source of light-quark baryons whose spin, mass and width are measured.
